The aim of this retrospective analysis was to examine prevalence of undiagnosed acute illness and characteristics including neuropsychiatric symptoms associated with illness in community residing older adults with Alzheimer disease or related disorders. Subjects included 265 community residing older adults with dementia who participated in 1 of 2 interventions being tested in randomized clinical trials. Measures included a brief nursing assessment and laboratory evaluations including complete blood count, blood chemistry (Chem 7), and thyroid function tests of serum samples and culture and sensitivity tests of urine samples. Undiagnosed illness was identified according to currently published criteria. Neuropsychiatric behaviors were assessed using 21 behaviors derived from standard measures. Thirty-six percent (N=96) of patients had clinical findings indicative of undetected illness. Conditions most prevalent were bacteriuria (15%), followed by hyperglycemia (6%) and anemia (5%). The behavior most often demonstrated among those with detected illness was resisting or refusing care (66% vs. 47% for those without detected illness). Individuals with detected illness had significantly lower functional status scores [3.8 vs. 4.4, t(275)=7.01, P=0.01], lower cognitive status scores [10.5 vs. 14.4, t(275)=12.1, P<0.01], and were more likely to be prescribed psychotropic medications for behavior (41% vs. 26%, w 2 =3.67, P<0.05) than those without illness. Findings suggest that challenges of diagnosing acute illness with atypical presentation must be addressed to promote quality of care and the specialized needs for this vulnerable population.
P revious research suggests that individuals with dementia may suffer from undiagnosed medical illnesses disproportionately more than those without cognitive impairment. [1] [2] [3] Prevalence rates range from 50% to 66%; however, rates have been mostly reported for inpatient or institutionalized samples 4, 5 versus for community-dwelling individuals with dementia where the majority live. Undiagnosed but treatable medical conditions such as urinary tract infection (UTI) or anemia may contribute to neuropsychiatric behaviors and poor life quality. Common neuropsychiatric behaviors such as resistance to care, repetitive vocalizations, or aggressiveness represent one of the most challenging, emotionally burdensome, and costly aspects of caring for individuals with dementia. Thus, identifying prevalence rates and determining the role of undiagnosed medical illnesses in behavioral symptom presentation is important to derive the best clinical management of community residing individuals with dementia.
Identifying underlying illness poses a significant clinical challenge as individuals with dementia may not be able to adequately communicate their symptoms, particularly at the moderate-to-severe disease stage. 6 For example, older adults with dementia often cannot reliably report classic symptoms of UTIs, such as dysuria, itching, or urinary burning or frequency. 7, 8 Moreover, older adults may have atypical or asymptomatic presentations of acute illness with insidious presentation. 9 Left untreated, these illnesses can lead to delirium further worsening behavioral symptomatology. 10 Anecdotal reports and clinical case studies provide preliminary evidence that individuals with dementia may display an increase in neuropsychiatric symptoms before the onset of acute illness such as dehydration, hyperglycemia, or infection. 11 The electrolyte disturbances associated with dehydration may result in challenging behaviors such as restlessness, delusions, or agitation. 12 Specific symptoms associated with hyperglycemia include mood irritability and mental status changes. 13 Behaviors of physical agitation have also been found to be prodromal to the development of infection. [14] [15] [16] Other incipient illnesses such as thyroid disorders or anemia can result in behavior changes that manifest in the form of irritable or erratic mood, lethargy, and restlessness. [17] [18] [19] [20] Thus, although incipient illness is recognized as a potential contributor to behaviors, this relationship needs further substantiation. The purpose of this exploratory study was to evaluate the relationship of undiagnosed illness and neuropsychiatric behaviors in community residing older adults with dementia. Specifically we sought to: (1) describe the prevalence of undiagnosed medical conditions and (2) identify characteristics associated with the presence of undiagnosed medical illness in a community residing population of older adults with dementia. To examine prevalence, we used data collected in 2 distinct randomized trials as part of the interventions being tested. One trial, Advancing Caregiver Training (Project ACT) collected data in 2005 to 2008 from 136 informal caregivers and dementia patients assigned to an intervention designed to target the most pressing neuropsychiatric symptoms causing caregiver distress and 22 control group subjects who completed the original trial and then were assigned to a supplemental study arm to receive an intervention for a total of 158. 21 Second, we used data collected in 2006 to 2009 from 107 caregivers and dementia patients randomly assigned to a home-based intervention designed to address functional and behavioral challenges called Care of Persons with Dementia in their Environment (COPE 22 ). In both studies, one component of the interventions involved a home visit from an advance practice nurse who provided caregiver education about potential medical problems contributing to behavioral occurrences (eg, dehydration, constipation, pain) and performed a brief nursing assessment. To uncover possible undiagnosed illness, serum and urine samples were collected. Laboratory evaluations included Chem 7 and thyroid testing of serum samples, and culture and sensitivity of urine samples. The nurse contacted caregivers by telephone to review laboratory results and mailed 2 copies (for caregiver and physician). For positive results, the nurse coordinated physician contact if needed.
METHODS

Study Sample and Procedures
Projects ACT and COPE have been described elsewhere. 21, 22 Briefly, in both trials, family caregivers and their family members with dementia living in a 5 county area of the Philadelphia region were enrolled. Eligibility criteria for study participation for both trials were similar and included the following: caregivers were English speaking, above the age of 21 years, caring at home for more than 3 hours a day for a person with either a physician diagnosis of dementia, or Mini Mental State Examination 23 (MMSE) score <24. Individuals with dementia were excluded if they had schizophrenia, bipolar disorder, or dementia secondary to head trauma, or had an MMSE score=0 and were also bed bound or nonresponsive. For the ACT trial, caregivers had to report the occurrence of one or more behavioral symptoms and upset level greater than 5 (out of 10); whereas for the COPE trial, caregivers had to report occurrence of one or more behavioral symptoms or any difficulty in performing caregiving duties. For both studies, caregivers who contacted the research team were initially screened by telephone and then interviewed at home, after signage of an institutional review broad approved informed consent and proxy consent forms. Assent from the person with dementia was obtained at the administration of each assessment. Dyads were randomized to intervention or a control group after the baseline interview. The nurse visit was one component of the in-home caregiver supportive and skills training programs tested in the trials. The data derived from that visit in both trials is the focus of this study. In addition, data derived from the baseline interview conducted by a trained interviewer before randomization was examined for those assigned to the intervention groups.
Nurse Assessment
The nurse protocol was the same for both trials. To uncover possible episodes of acute illness, a trained nurse researcher completed a brief medical history of the person with dementia from the caregiver. The nurse also conducted a physical examination to observe for signs of dehydration (skin elasticity, capillary refill, mucous membranes, self report of urine output) and obtained serum and urine samples for laboratory analysis from the person with dementia. The laboratory evaluations included complete blood count, Chem 7 blood chemistry, and thyroid function tests of serum samples, and culture and sensitivity tests of urine samples that indicated the presence of nitrites/leukocytes/blood after dipstick.
Prescription medications were also reviewed to evaluate for possible polypharmacy and for use of medications with central anticholinergic activities and psychotropic mediations, such as antidepressants, anxiolytics, and antipsychotics. The presence of new, previously undiagnosed illness was then determined based on currently published guidelines ( Table 1) . [24] [25] [26] Acute illnesses that were identified included UTI, hyper/hyponatremia, hyper/hypoglycemia, hyper/hypokalemia, dehydration, and anemia. After the nurse visit, the nurse contacted each family caregiver by telephone within 2 days to inform him/her of laboratory results (whether positive or negative). If positive, the nurse informed the caregiver to contact the doctor immediately and coordinated contact if requested by the caregiver. She then followed up again by telephone with the caregiver to obtain an update as to whether physician consultation was sought and if so, the course of treatment prescribed.
Measures
In both studies, background characteristics of the person with dementia and caregiver included age, sex, marital status (married, unmarried), self-identified race, and mental status (MMSE). To assess functional status, caregivers were asked to report the level of assistance required for the person with dementia to perform basic activities of daily living (ADL) using the Caregiver Assessment of Function and Upset (CAFU) scale. 27 The CAFU provides a reliable and valid approach for evaluating traditional areas of physical function as well as which areas of functional dependence are upsetting to caregivers. The CAFU consists of 6 ADL items related to eating, grooming, bathing, dressing upper body, dressing lower body, toileting, and transferring to bed/chair/wheelchair. Each item is rated with a score from 1 to 7 (1=complete assistance, 2=maximal assistance, 3=moderate assistance, 4=minimal assistance, 5=supervision, 6=modified independence, and 7=complete independence; Chronbach's a=0.73). 27 
Neuropsychiatric Behaviors
To examine neuropsychiatric behaviors, we used 21-behavioral items of which 16 were derived from the Agitated Behavior in Dementia (ABID) Scale. 28 The ABID has been previously shown to be psychometrically sound and corresponding to objective reports of commonly presenting symptoms (eg, verbal aggressiveness, physical aggressiveness, screaming/crying out, behaviors harmful to self, roaming, destroying property, resisting/refusing care, arguing/ irritability, socially inappropriate behavior, inappropriate sexual behavior, easily agitated/upset, restlessness, fearful/anxious, getting up at night, distressing beliefs, seeing/hearing distressing people/things). Validity of the ABID has been confirmed by correlations with related measures and lack of correlation with unrelated constructs. Overall scale reliability is acceptable (a=0.78 for our sample and test-retest reliability of 0.60 to 0.73). We also included 2 items (repetitive questioning and hiding/hoarding) from the Revised Memory and Behavior Problem Checklist, 29 and 3 items (wandering, incontinence, and shadowing) from our previous research showing these behaviors as common and distressful. 30 
Data Analysis
Descriptive statistics were used to describe the prevalence of undiagnosed illness with each trial and across both samples. Chi square or t tests were used to compare the characteristics of participants with undiagnosed illness to those without undiagnosed illness using the total combined sample. Significant factors from the univariate analysis were tested in multivariable models to assess the impact of the combined predictors. Next, the association between presence of specific undiagnosed illnesses and each of the 21 neuropsychiatric behaviors was assessed using Phi coefficient correlations using the combined sample. Data analysis was performed using STATA software, version 10 for Windows (StataCorp, College Station, TX) with a significance level set at 0.05.
RESULTS
Persons with dementia in the combined datasets ranged in age from 58 to 99 years with an average age of 82.7 years (SD 8.2). Most of them were female (59%) and White (70%), with average mental status scores indicating a low-to-moderate cognitive functioning (MMSE mean=13, SD=8). Caregivers reported that individuals with dementia required a moderate level of assistance with ADL's (Mean=7.41, ±SD=1.8) and demonstrated an average of 10 (SD=4) out of 21 neuropsychiatric behaviors. Most persons with dementia were taking one or more medications with 37% on depression medications, 33% on medications for behaviors, 40% on pain medications, and 72% on memory enhancement dementia medications. Caregivers were also primarily female (83%) and White (71%), and were on average 65 years of age ( Table 2 ). The COPE and ACT participants differed significantly with regard to 3 demographic characteristics. Individuals with dementia in the COPE sample were predominantly female (77%), whereas the sex of the ACT sample subjects was more evenly distributed (w 2 =17.84; P<0.01). Caregivers in the COPE sample were largely nonspouses (69%), whereas the marital status of caregivers in the ACT sample were more evenly distributed (w 2 =7.46; P=0.01). Finally, 
Prevalence of Medical Conditions
Of the 265 participants in the combined sample, blood samples were obtained from 226 (85%) subjects (6 subjects refused and 32 subjects were unable to provide a sample) and urine samples were obtained from 243 (92%) subjects (6 subjects refused and 22 were unable to provide a sample). Undiagnosed acute illnesses occurred in 56 individuals with dementia in Project ACT, 40 individuals in COPE, and 96 (36%) for the combined sample (Table 1) for which the nurse recommended that the caregiver seek physician follow-up. For the combined sample, the most prevalent conditions were bacteriuria (15%), followed by anemia (6%) and hyperglycemia (5%).
Treatment of Conditions
Of the 96 individuals with detected illness, 92 (95%) caregivers followed up with a doctor; one caregiver dropped out of the trial and was lost to follow up and 3 caregivers chose not to follow up with the subjects' physicians. Of 92 with physician follow-up, 1 doctor did not treat (subject had asymptomatic bacteriuria), 1 subject was hospitalized owing to laboratory results, and all others were treated on an outpatient basis.
Characteristics Associated With Undiagnosed Illness
Characteristics associated with the presence of undiagnosed undetected illness are reported in Table 3 . No large or statistically significant differences in subject demographic and background characteristics were present between those with detected illness (N=96) and those without detected illness (N=179). However, individuals with detected illness had significantly lower functional status scores [ 
Neuropsychiatric Symptoms and Specific Illnesses
The behavior most often demonstrated among those with detected illness was resisting or refusing care (66%) compared with 47% of those without any detected illness (w 2 =5.44, P=0.02). Table 4 shows significant Phi correlation analysis between specific detected illnesses including bacteriuria, hyperglycemia, anemia and metabolic disturbances (hyponatremia, hypokalemia, thyroid disorders), and various neuropsychiatric symptoms. The data reveal statistically significant but small correlations between bacteriuria and both incontinence (P<0.02) and agitation (P=0.02). Statistically significant correlations were also found between hyperglycemia and both agitation and repetitive vocalizations (P<0.05). Anemia was significantly associated with crying out behavior (P=0.03). Metabolic disturbances such as hypernatremia, hypokalemia, and thyroid disorders were significantly associated with the presence of delusions, hallucinations, and agitation (all P<0.05).
DISCUSSION
This exploratory study describes the prevalence and characteristics associated with undiagnosed illness in community residing individuals with dementia. Our findings confirm previous estimates of high prevalence of undetected but modifiable illnesses in individuals with dementia, 9 with 36% of participants exhibiting clinically significant signs of previously unidentified illness. Bacteriuria, hyperglycemia, and anemia were the most prevalent illnesses in the sample, accounting for 25% of the illnesses across both samples.
Specifically, bacteriuria accounted for 15% of the undiagnosed illness in our combined sample which is consistent with previous estimates of UTI rates in individuals with dementia. 15 However, distinguishing asymptomatic bacteriuria from UTI in older adults with dementia remains a diagnostic challenge. 7, 8 Multiple illnesses may present with symptoms similar to UTI, and individuals with dementia may not be able to report symptoms. Thus, further work is needed to distinguish these 2 conditions. 31 Our finding of a prevalence rate of anemia of 6% is slightly higher than previous investigations of communitybased samples. 32 Beghe´et al 33 observed rates of undiagnosed anemia of 4.4% in men and 3.9% of women in a sample of community residing elders. The shared risk factors for anemia and dementia may account for the higher rates found in our sample. 34 Anemia prevalence rates in frail elders is 4 times the national estimates for nonfrail older adults (39.6% in men and 37.9% in women). 32 In samples comparing older adults with and without dementia, older adults with dementia were found to be at 2-fold risk for anemia primarily attributed to folate deficiencies and increased homocysteine levels. 34 Hyperglycemia accounted for 5% of undiagnosed illness in the sample. Recent research has begun to focus on the higher rates of hyperglycemia among persons with dementia, and suggest that these rates are a result of psychotropic medication use. 35, 36 The heightened interest in the effects of psychotropic drugs on glucose metabolism reflects the current concern about atypical antipsychotics as risk factors for diabetes, hyperlipidemia, and obesity. Undiagnosed hyperglycemia is associated with significantly higher mortality rates and poor clinical outcomes in individuals both with and without a history of dementia. 37, 38 Reports of severe hyperglycemia with ketoacidosis shortly after initiating treatment with atypical antipsychotics, even in the absence of weight gain, have fostered studies of possible effects of these agents on insulin secretion. In our sample, individuals with hyperglycemia were prescribed antipsychotic medications at slightly higher rates than in those without glucose imbalances (52% vs. 48%); however these relationships were not significant.
The rates of other underlying metabolic disorders were infrequent in our sample and are in line with reports from previous studies with similar community samples of older adults with dementia. 5 However, metabolic disorders such as hypothyroidism-even when occult or subclinical-can cause subtle or frank changes in energy, mood, anxiety level, or cognition and may explain the neuropsychiatric symptoms present in this subgroup. 39 Regarding associations between behavior symptoms and medical conditions, the data also suggest that certain neuropsychiatric behaviors in older adults with dementia may signal incipient acute illness. It seems plausible that the discomfort resulting from undetected conditions could lead to refusal of care or agitation. In this study, refusing care was more predictive of illness than other nonspecific symptoms, and agitation was associated with illnesses such as bacteriuria and metabolic disorders. The findings suggest that healthcare providers should pay particular attention to individuals with these symptoms. 40 Dementia complicates the medical management of older adults residing in the community. Given that underutilization of medical care has been documented among community residing elders with dementia, 1,3 the high prevalence of undiagnosed illness may not be surprising. Despite higher rates of comorbid conditions, dementia subjects tend to report fewer symptoms and complaints during visits with their primary care physicians. 41 Although geriatric practitioners may be skilled at identifying behavior such as agitation, that accompany acute illnesses, 14 family caregivers may not recognize this association. However, it is important to note that clinicians often misinterpret behaviors as signaling a need for increased psychotropic medication, 20 or caregiver training rather than determining whether there is an undetected medical condition. 17 Thus, many older adults may be quietly suffering from unrecognized illnesses leading to under treatment, wrong treatments, or unmet medical needs.
Individuals with an undetected illness had lower functional ability and lower MMSE scores when compared with those without illness. The worsening of cognitive and functional status observed in our sample with undiagnosed illness may be an indicator or potential risk factor for an underlying illness signaling the need for additional assessment to rule out an underlying illness.
Identifying unmet health needs is an important part of community-based healthcare for individuals with dementia. As these medical concerns typically reside in the domain of primary care, these providers must be particularly vigilant in detecting underlying medical illnesses. Studies of older adults with acute illness have shown that presenting symptoms and signs can be atypical and nonspecific, 41 which may hinder timely diagnosis and treatment. Careful physical assessment is often the most useful part of the medical evaluation and extensive, and expensive, diagnostic evaluations may not be required. The illnesses identified in this sample were derived from simple, low-cost medical testing which can be performed in home or primary care; thus, specialized medical testing may not be necessary for the on-going medical management of individuals with dementia who manifest behavioral symptoms and who show functional decline.
Several limitations of these findings should be noted. The study is cross-sectional and thus we can not confirm causality. Also, participants may not be fully representative of the community residing dementia population and may have biased the prevalence estimates. However, given that similar prevalence rates were detected for 2 distinct trial samples suggests that our findings may be generalizable at least to those community residing patients who experience functional or behavioral symptoms, an eligibility requirement for both trials. Nevertheless, without a comparator group of nondemented participants, we are unable to determine the extent to which dementia confounds the diagnosis of underlying medical problems. Another limitation is the reliance on caregiver report of behavioral occurrences. Proxy caregiver reports of behavior including biases that overestimate or underestimate actual behaviors may result from the timing of the assessment or other caregiver characteristics. 42 However, we used psychometrically valid instruments, the ABID and Revised Memory and Behavior Problem Checklist, and use of collateral information remains the primary data source of behaviors in both research and clinical evaluations. Sample size limitations prevented our ability to control for potential confounders. For example, we were unable to control for stage of dementia as an important factor influencing neuropsychiatric symptoms observed. An additional limitation is that although subjects in this study all had a primary care doctor, it is unclear how often they visited their physicians, whether blood and urine samples were routinely evaluated and the time between physician visit, study participation, and detection of illness. Determination of dehydration was based on direct observation of physical symptoms including skin turgor and elasticity, which can be poor measures of hydration status in individuals with dementia. 43 Thus, it is difficult to discern whether some subjects had more frequent contact than others with their physicians and how this effects the prevalence rates we report here. In addition, laboratory analyses did not include assessment of other commonly missed diagnoses in this population including renal or liver dysfunction, pulmonary disease, or possible coagaopathies.
Moreover, our results cannot unravel the underlying mechanism explaining the high rates of illness in the sample. Speculatively, the effects may be partially attributed to concomitant use of psychotropic medications. Because we did not collect data on the reasons for prescribing anticholinergics or antipsychotic, judgments cannot be made about the appropriateness of these medications in our sample. 44 Finally, our study design did not permit us to determine if neuropsychiatric symptoms resolved after medical treatment alone.
Nevertheless, this study is the first, to our knowledge, to evaluate prevalence of treatable illness and their relationship to behaviors. Although the data are preliminary, they shed light on the complexity of caring for adults with dementia and suggest that we need to carefully reexamine their medical management. The overall illness burden in our sample may explain the prevalence rates of undiagnosed illness and the difficulty facing clinicians in recognizing new problems. Unfortunately, current clinical guidelines for the primary care of older adults with dementia offer physicians little in the way of direction. 45 Closer scrutiny of the prescribing patterns for persons with dementia is needed to assess for ways to reduce excess disability and morbidity. Future investigation is warranted to determine whether proactive clinical evaluation of behavioral symptoms can prevent or postpone development of undetected illness. Early detection of acute illness may result in treatment that improves behavioral symptoms and other outcomes such as worsening of cognitive and physical functioning and resulting caregiver burden. Prospectivecontrolled trials are especially needed to determine if earlier diagnoses and treatment of underlying illnesses may alter the progression of disease. For example, intervention studies are needed to establish whether the correction of anemia affects cognitive improvement or forestalls hospitalization or institutionalization. As preventative primary care assessment has been shown to reduce occurrence of untoward events in nursing-home residents with dementia, [46] [47] [48] this approach with community-based persons with dementia, where the majority live, may have similar positive outcomes.
